Abstract-Nowadays, researchers show more and more interests to Vehicular Ad hoc NETworks (VANETs), which are a specific instance of Mobile Ad hoc NETworks (MANETs) where nodes are vehicles. In VANETs, vehicles have no energy resource constraint which could extend coverage and network lifetime, but have a high mobility patterns that cause frequent and fast topology changes. Consequently, VANETs have particular research interests, like dedicated MAC and routing optimization. In our previous work, we have proposed MOvement Predictionbased Routing (MOPR) concept for VANETs, which improves the routing process by selecting the most stable route in terms of lifetime with respect to the movement of vehicles. And in this paper, we present how this MOPR concept can be applied to position-based routing protocols, and how it improves their performances. Based on simulation results we compare MOPR with the position-based routing protocol GPSR and another movement-based routing protocol called MORA.
INTRODUCTION
N Vehicular Ad-hoc Networks (VANETs) almost all nodes are vehicles. This makes available more storage and power on each node, thus wider transmission ranges and longer lifetimes are possible [1] . Since nodes are vehicles, the movement speed in such kind of networks is relatively high, which causes frequent and fast network topology changes, and further instability of the wireless communication channel. This makes existing and well working MANETs routing protocols not suitable (as they are) for VANETs [2] - [3] .
VANET's researchers should face these problems when proposing new technical solutions, like data routing and shared resources access protocols.
One important advantage of VANETs is that each vehicle, by using a positioning system like GPS or GALILEO, is able to get its own geographic position, thus its movement information (position, speed, movement direction). One more advantage in VANETs is the non-random mobility of the vehicles; roads are mapped and digitally available, and driving rules can be electronically represented as well.
The applications for VANETs can be roughly divided into two main categories: the ones related to active safety on the roads 1 , and the applications dedicated to improve the drivers and/or passengers comfort.
We address here the second category, where most of the time a routing protocol is needed, in order to deliver relatively huge data to a particular destination in real time over multihop paths. On the contrary, for active safety applications, information (generally small) should be provided to all surrounding vehicles in most cases, so a broadcast forwarding protocol is needed.
In previous works [4] - [5] we have proposed a new concept named MOPR (MOvement Prediction Routing) to improve and adapt existing unicast routing protocols and make them suitable for VANETs. This concept, based on vehicles movement prediction, estimates the stability of each communication link in the network in terms of communication lifetime, and then selects the most stable route composed by the most stable intermediate links from the source till the destination. We have integrated MOPR in Ad hoc On Demand Distance Vector (AODV) [6] using the network simulator NS2 [7] and showed its performance improvements.
In this paper, we investigate how MOPR can be applied to position-based routing protocols. We propose a new MOPRbased heuristic for the next hop selection in position-based routing. We have applied this MOPR-based heuristic to the well known position-based routing protocol: Greedy Perimeter Stateless Routing (GPSR) [9] . We have then implemented this MOPR-based GPSR under the network simulator NS2. Some simulation results comparison are given in this paper, they show the MOPR performances comparing those of both basic GPSR and MOvement-based Routing Algorithm (MORA) [10] , which is another movement-based routing protocol.
The remainder of this paper is organized as follows: Section II overviews the MOPR concept and it application over unicast routing. Section III gives a short overview on GPSR and MORA. In Section IV we present how MOPR can be applied to position-based routing protocols, and in Section V some interesting simulation results are given with comparing MOPR performances against the basic GPSR and MORA.
Finally, Section VI concludes this paper and outlines future work. Once LS is calculated for each neighboring vehicle, MOPR selects as a next hop for data forwarding/sending the one corresponding to the highest LS (corresponding to the most stable neighboring link).
II
This approach should help as well in minimizing the risk of broken links and in reducing data loss and link-layer and transport retransmissions.
In [4] - [5] a detailed description of the MOPR concept is provided.
III. RELATED WORK

A.
A brief overview on GPSR Greedy Perimeter Stateless Routing (GPSR) [9] is one well known position-based routing protocol. It uses greedy forwarding to send/forward packets to neighboring nodes that are the closest to the destination. In GPSR it is assumed that every node in the network knows the exact physical location of its neighbors, and that of the destination as well. In regions of the network where such a greedy forwarding is not possible, GPSR recovers by forwarding in perimeter mode, in which a packet traverses successively closer faces of a planar subgraph of the full radio network connectivity graph, until reaching a node closer to the destination, where greedy forwarding resumes.
B.
MORA To improve the position-based routing performances in VANETs, F. Granelli et all. have proposed in [10] a Movement-Based Routing Algorithm (MORA) for vehicular ad hoc networks. They have applied this algorithm to GPSR. MORA takes into account the physical location of neighboring vehicles and their movement direction when selecting the next hop for sending/forwarding packets. More details about MORA can be found in [10] .
We believe that considering only the position and the movement direction is not enough for a best next hop selection in VANETs. The vehicles driving speed is important and should be taken into account as well. A vehicle which is almost out the communication range should not be selected as a next hop, which can not be guaranteed without taking into account the speed. In the following section we propose our MOPR concept applied to GPSR, with taking into account neighboring vehicles position and movement direction, and their movement speed as well. Thus, with MOPR vehicle which is estimated to go out the communication range in a short duration time will not be selected as a next hop for data routing if some better candidate is available.
IV. MOPR-BASED GEO-ROUTING
To show the performance improvements of MOPR over position-based routing protocols we have applied it over GPSR. In the following we present how our MOPR-based GPSR (say MOPR-GPSR) works.
It is not suitable to apply MOPR to GPSR as it is done to unicast routing in our previous works [4] - [5] , where MOPR tries to select the path with the longest lifetime. In GPSR, a vehicle dose not save any route to a destination, and do not use the same path for the whole transmission. For each packet to send or to forward, a vehicle selects a next hop among its neighbors. The selected next hop will be used for one packet transfer and then a next hop selection process is done for the next packet to send/forward. When applying MOPR to GPSR as it is, the selected paths should be same or longer in terms of hops number when compared to basic GPSR.
And the calculation of neighboring links' LS before sending/forwarding each packet takes a considerable time. All that decreases the routing performances.
To face this problem, we have applied MOPR in a different way. When a vehicle wants to send or forward data, it first estimates the future geographic location after a duration time T in seconds for each neighbor. T is counted in seconds, and it is fixed to 1s in our simulations in Section 5. Then, it selects as next hop the closest neighbor to the destination which has not a future location out of its communication rage after the time T.
By doing that, MOPR-GPSR avoids the case when a next hop goes out of the communication range during a data packet transmission. Thus, decreases the data loss and link-layer and transport retransmissions, which increases the routing performances.
V. SIMULATION AND RESULTS
To evaluate the performances of MOPR over position-based routing protocols, we have implemented it in the NS2.28 network simulator [7] on top-of GPSR. Let us name this implementation MOPR-GPSR. In this implementation, a Hierarchical Location Service (HLS) is used to provide the exact position information of the neighboring and the destination vehicles. More information on HLS is given in [8] .
In our simulations we have used a 5000 meters length highway scenario, with 200 vehicles moving on it as shown in Figure 2 . In each direction we have three lanes with different speed ranges starting from a minimum speed value of 70 km/h and a maximum speed value which we increase from 120 to 220 km/h. In each direction we have a density of 5 vehicles every 150 m.
We have used the classical 802. The performances metrics we have studied are as follows:
• packet delivery ratio: defined as the number of correctly received packets at the destination vehicle over the number of packets sent by the source vehicle.
• delay: defined as the average time in seconds that a data packet takes to travel from the source till the destination vehicle.
• routing overhead: defined as the number of bytes injected in the network by the routing protocol.
• routing overhead ratio: defined as the routing overhead caused by the routing protocol over the size of correctly received packets at the destination vehicle. Figure 3 shows the Packet Delivery Ratio (PDR) obtained for each routing protocol as function of vehicles' maximum speed. It is clearly shown that both MOPR and MORA guarantee a better PDR when compared to basic GPSR. As shown, higher the vehicles' maximum speed, higher the PDR of MOPR when compared to MORA. This means that MOPR guarantees the best PDR when speed is higher. Figure 5 shows the routing overhead as function of vehicles' maximum speed. MOPR decreases the routing overhead when compared to basic GPSR, but MORA decreases the routing overhead more. That means that MORA is the best in terms of routing overhead. But, in Figure 6 you can see the Hierarchical Location Service (HLS) overhead caused in the network which should be taken into account to evaluate the real performance of our routing protocols in terms of routing overhead. And it is clearly shown that MOPR is the best in terms of HLS overhead when compared to both basic GPSR and MORA. To evaluate the performance of any routing protocol in terms of routing overhead, it is important to look to the Routing Overhead Ratio (ROR). Figure 7 shows the ROR caused in our network while taking into account only the routing overhead (i.e. without counting the HLS overhead). It is clearly shown that both MOPR and MORA improve the ROR when compared to basic GPSR. And MOPR shows an almost stable ROR compared to MORA which increases when the maximum speed increases. The ROR is important, but in such kind of routing protocol, the global ROR overhead, while taking into account the HLS overhead as well, is more important. Figure 8 shows clearly how MOPR improves the network performance in terms of global ROR by about two times when compared to both basic GPSR and MORA. All simulation results presented in this section show that MOPR improves the routing performances from all sides. Consequently, MOPR shows a big potential for position-based routing in VANETs.
VI. CONCLUSION
In VANETs nodes are vehicles, they have the main characteristics of the relative high moving speed. This causes frequent and fast topology changes in the network, which make existing routing protocols basically designed for MANETs not suitable for VANETs.
In some previous works we have proposed MOPR which is an algorithm that, based on node movement information (position, direction, and speed), improves the routing process in MANETs, and mainly in case of high nodes' speed, like in VANETs, by predicting the future neighboring vehicles positions.
After having shown the performance of MOPR to unicast routing protocols in our previous works, we presented in this paper how this MOPR concept can be applied to positionbased routing protocols. For our simulation we have implemented MOPR on top-of the well known position-based routing protocol GPSR.
Very promising ns2 simulation results are presented in this paper; they show that MOPR clearly improves the routing performances when compared to the basic GPSR, and as well when compared to another movement-based routing protocol named MORA, which is based only on position and movement direction.
